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extreme rays begins to enlarge, although the circle of intersection with the caustic surface continues to contract. Beyond F the caustic surfaces are passed, and no part of the area is specially illuminated.
As a simple example of a symmetrical S};'stem let us take bhe case of parallel rays QR, OA (fig. 7), incident upon a spherical minor AR. By the law of reflexion the angle ORq = angle ORQ — angle qOR. Hence the triangle RqO is isosceles, and if we denote the radius of the surface OA by r, and the angle AOR by a, we have
Fig 7.
Qq = -— .
z     2 cos a
If F be the geometrical forms, OF = AF — -Jr. If a be a small angle, the longitudinal aberration Fq = Oq — OF = -|-r (sec a — 1) = -Ja^r, in which AR = ra..
Focal Lines.—In the general case of a small pencil of rays there is no one point which can be called the geometrical focus. Consider the corresponding small area of the orthogonal surface and its two sets of lines of curvature. Of all the rays which are contiguous to the central ray there are only two which intersect it, and these will in general intersect it at different points. These points may be regarded as foci, but it is in a less perfect sense than in the case of symmetrical pencils. Even if we limit ourselves to rays in one of the principal planes, the aberration is in general a quantity of the first order in the angle of the pencil, and not, as before, a quantity of the second order. If, however, we neglect this aberration and group the rays in succession according to the two sets of lines of curvature, we sec that the pencil of rays passes through two focal lines perpendicular to one another.and to the central ray, and situated at the centres of curvature of the orthogonal surface. At some intermediate place the section of the pencil is circular.
It happens not uufrequently that the pencil under consideration forms part of a symmetrical system, but is limited in such a manner that the central ray of the pencil does not coincide with the axis of the system. The plane of the meridian of the orthogonal surface is called the primary plane, and the corresponding focus, situated on the caustic surface, the primary focus. The secondary focus is on the axis of symmetry through which every ray passes. The distinction of primary and secondary is also employed when the system, though not of revolution, is symmetrical with respect to a plane passing through the central ray, this plane being considered primary.
The formation of focal lines is well shown experimentally by a planoconvex lens of plate-glass held at an obliquity of 20° or 30° in the path of the nearly parallel rays, which diverge from a small image of the sun formed by a lens of short focus. The convex face of the lens is to be turned towardsh is a minimum, and its boundary is called the least circle of aberration. Farther back still the outer boundary corresponding to the
